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Voxel-Based Morphometry – The methods, Ashburner & Friston, Neuroimage 1999



Jacobian of the transforma0on is informa0ve of local 
changes in volume (Tensor-based-morphometry: TBM)

• ANTS software 
– (Avants et al. 2008 & 

2011)

• Similarity metric: 
– cross correlation

• Transformation model: 
– Diffeomorphic

(symmetric mapping 
(Syn))

Single Patient brain or 
patient template

Control Template

Patient brain registered
to the Control template

Log of the Det of the Jacobian of the 
Transformation



Applications of TBM based on T1-weighted 
Images

• Alzheimer disease (Freeborough & Fox 1998)
• Brain development (Thompson et al.2000)
• Huntington (Kipps et al. 2005)
• Fragile X syndrome (Lee et al. 2007)
• Frontotemporal dementia (Brambati 2007)
• Williams syndrome (Chiang et al 2007)
• HIV/AIDs (Chiang et al. 2007, Lepore 2008)
• Schizophrenia (Whitford et al. 2007, Hua et al. 2008)
• TBI (Kim et al. 2008)
• Stress (Hanson et al. 2010)
• …



Our Hypothesis: 

Diffusion MRI provides clear delineaAon of 
anatomical structures that can not be separated 
in T1- and T2-WI (e.g. individual pathways). 

Therefore, tensor-based morphometry (TBM) 
using DTI-driven registraAon (DTBM) should be 
more accurate than  T1WI-TBM.



Examples in the literature of TBM with 
registration driven by diffusion MRI data

Registration based only on FA images
Multiple sclerosis and amyotrophic lateral sclerosis (Pagani et al. 
2007) 
Alzheimer’s Disease (Oishi et al. 2011)
Registration based on tensor deviatoric
High-dimensional spatial normalization of diffusion tensor images improves 
the detection of white matter differences: an example study using 
amyotrophic lateral sclerosis. Zhang et al. (2007). IEEE transactions on 
medical imaging, 26(11), 1585-1597.

Only one paper with registration based on all tensor elements 
Dense feature deformation morphometry: Incorporating DTI data into 
conventional MRI morphometry Studholme et al., Medical image analysis 
12.6 (2008): 742-751.







Goal: 

Achieve a robust and accurate diffusion 
MRI based registration that could be 
used to perform TBM-DTI.



 

Prerequisite: solve the issue of EPI distortions in DWI





EPI distortions & Tensors



Before correction After correction







DR-TAMAS main features

Uses all features of the diffusion tensor to achieve good
alignment of white matter, gray matter, and CSF

Large deformation mapping capabilities

Tensor reorientation during optimization

If desired, can use complementary information from
anatomical images such as T1W or T2W structural images

Provides robust atlas creation strategies

Can deal with lesion regions (e.g. tumors) or missing
tissue.



Native morphology (AC-PC aligned) 



Registered using FA (FSL)



Registered using deviatoric tensor (DTI-TK) 



Registered using DR-TAMAS





Application to Hereditary Spastic Paraplegia
DTBM localizes disease to specific white matter pathways 

DTBM results are consistent with selective involvement of long range 
white matter pathways

• Hereditary Spastic Paraplegia (HSP) is a group of 
neurodegenerative disorders characterized by lower limb 
weakness & spasticity.

• The pure form has only motor involvement
• SPG11 is a subtype of HSP with mutation in the SPG11 gene 

which encodes for a protein involved in the maintenance of axons. 
• HSP-SPG11 patients also exhibit other neurological problems in 

addition to spasticity, for example intellectual disability

• Conventional MRI findings:
– None in the pure form 
– Thinning of corpus callosum and Enlargement of ventricles in SPG11
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Application to Normal Brain development
DTBM changes generally correlate with FA changes but the regression 

slope changes in different pathways

Amritha Nayak, Neda Sadeghi, M Okan Irfanoglu, and Carlo Pierpaoli. 
Diffusion - Tensor Based Morphometry (DTBM) of Normal Human Brain Development from Infancy to Adulthood. ISMRM 2017
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Application to Down Syndrome

Dramatic patients vs controls DTBM differences with no FA differences.

DTBM allows the identification of selective hypoplasia of fronto-pontine-
cerebellar connections 

Carlo Pierpaoli , Amritha Nayak , Okan Irfanoglu , Neda Sadeghi , and Nancy Raitano-Lee
Brain morphometry using diffusion MRI data (DTBM) reveals abnormalities in Down Syndrome that are not detected by conventional 
DTI analysis. ISMRM 2018



Subjects



• DTI datasets consisted of 60 volumes with 6 b=0, 12 
b=300, and 42 b=1100s/mm2. Resolution was 2.5 mm 
isotropic

• Control template created using DR TAMAS
• All subjects individually registered to the control template.
• The the log of the determinant of the jacobian was 

computed from the deformation field maps of each 
individual subject warped to the control template.

• TBSS and TFCE statistics were computed using FSL 
randomize program.

• Effect size maps were computed as follows: 
(mean patients - mean controls)/ std dev of the 

population

MRI Methods 
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FA                         MD                   T1-TBM D-TBM D-TBM
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Results

TBSS 
Statistical 
Analysys

(p < 0.01)
Blue pt lower 
than ct

Red pt higher 
than ct
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Application to Moebius Syndrome

DTBM identifies atrophy of the Medial Longitudinal Fasciculus as a 
hallmark feature of Moebius Syndrome

DTBM results allows 100% classification accuracy in differentiating 
Moebius patients from controls and Congenital Facial Palsy patients

What is Moebius syndrome?

Moebius syndrome is a nonprogressive craniofacial/neurological 
disorder that involves primarily the facial abducens nerve . Individuals 
with Moebius syndrome cannot smile or frown, and do not have lateral 
eye movements. (From http://moebiussyndrome.org)







Voxelwise significant differences (p < 0.01) on DTBM 
(In red on FA map: local Det Jacobian lower in Moebius than in Controls)
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Subjects (MBS) form both Controls and Congenital Facial 
Weakness (CFW) subjects



Conclusions

DTBM is a promising tool to complement 
conventional analysis of diffusion MRI for 
neurological applications. It has great potential 
for personalized medicine. It requires “good 
data” not necessarily “big data”. 

Practical consideration

Prospective diffusion MRI studies should be 
designed with blip-up blip-down acquisitions 
including also the DWIs
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T1 average study template DEC map Trace (D) map
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TBSS 
FA                                   

Whole brain 
TFCE FA                                   

Log J DTI Log J T1

Mean FA 
skeleton

Controls significantly 
higher than patients 
at p< 0.01

Patients significantly 
higher than controls 
fat  p< 0.01

Log J: Log of the determinant of the 
jacobian


